We captured 11 Myotis sodalis and radiotracked them to foraging areas near Indianapolis International Airport during summer 2002. A series (3-7) of multiazimuth triangulations was used to obtain an estimate of the location of each bat throughout the night. Compositional analysis was used to compare habitat that bats used to available habitat at 2 spatial scales. At both spatial scales, bats preferentially used woodlands over other available habitats (especially developed habitats). These findings suggest that suburban development may negatively impact M. sodalis by limiting foraging options. Many conservation plans aimed at protecting bats exclusively target roosting sites. Although roost conservation should continue to be central in efforts to protect bats, available foraging habitat also should be considered.
The most important factor contributing to declines in biodiversity in the United States is loss of natural habitats to development and urban sprawl (McDonnell and Pickett 1990) . In the past, development has mostly involved conversion of native forests and prairies to agricultural land, but now agricultural areas and surviving native habitats are being converted for use as roads, subdivisions, and commercial properties (McDonnell and Pickett 1990) . Available information suggests that both bats (Kurta and Teramino 1992; Sparks et al. 1998 ) and insects (Blair 1999; Faeth and Kane 1978; Geggie and Fenton 1985; Kurta and Teramino 1992) are rarer in developed areas than in rural areas. Some species, such as big brown bats (Eptesicus fuscus), are well adapted to surviving in urban environments (Duchamp et al. 2004; Whitaker and Gummer 1992) . Duchamp et al. (2004) found that E. fuscus did not discriminate among habitat types, whereas evening bats (Nycticeius humeralis) usually foraged in more natural habitat types such as woodlots, grasslands, and agricultural properties. Recent studies have found Indiana bats (Myotis sodalis), a federally listed endangered species, roosting in areas near suburban development (Belwood 2002; Sparks et al. 1998; Whitaker et al. 2004) . Evaluating the conservation value of these suburban roost sites is difficult because there is little information available on foraging habitats of M. sodalis. Previous studies suggest that M. sodalis forages primarily in forested areas (Butchkoski and Hassinger 2002; Hobson and Holland 1995; Humphrey et al. 1977; LaVal et al. 1977; Murray and Kurta 2004; Rommé et al. 2002) . The purpose of this study was to determine foraging behavior of M. sodalis at the edge of an advancing urban area near Indianapolis, Indiana; and to compare use and availability of each habitat at both course and fine scales. Given the nature of our study site, and work from a pilot study, we expected to find bats using both forested and agricultural areas while avoiding developed areas.
MATERIALS AND METHODS
Study site.-This research was conducted on properties in Marion, Hendricks, and Morgan counties, Indiana (Fig. 1) , managed for conservation by the Indianapolis Airport Authority (a governing board) and BAA Indianapolis (a private airport management company). These properties extend south and west along United States highway 40 from the airport to Indiana state highway 267 in the west and Indiana state highway 67 in the south with Interstate highway 70 bisecting the study area. The area consists of many small, fragmented forest remnants enclosed in a matrix that grades from subdivisions in the north to agricultural fields in the south (Sparks et al. 1998) . Also present at the southern end of the area is a wetlands complex that includes forests protected by the Indianapolis Airport Authority to provide future habitat for M. sodalis (Sparks et al. 1998; Whitaker et al. 2004 ). Thus, this study area has the unusual combination of intense urban-suburban development, active restoration of native habitats, and an ongoing effort to preserve remaining wild habitats within an urban matrix by both private businesses and governmental agencies.
We initially classified habitat at the airport study area into the following 8 categories: woodland consisting of forested tracts with closed canopies and including riparian areas that fully enclosed streams; agricultural land consisting of actively farmed areas planted with soybeans, corn, alfalfa, or wheat; pasture consisting mainly of areas that were being actively grazed by livestock, but also including small amounts of unmaintaned grasslands; open water consisting of ponds and exposed portions of streams; low-density residential consisting of widely spaced homes and outbuildings and usually associated with agriculture; high-density residential consisting of solid blocks of suburban development; parks, including recreational areas and large expanses of mowed grassland; and commercial lands, including transportation corridors, industrial sites, gravel pits, warehouses, and strip malls. Because most bats avoided the developed land classes (commercial lands, parks, and high-density residential areas), we combined these into urban habitat for the smaller-scale analysis (see below).
Capture and handling of bats.-All work was conducted in accordance with the animal care and use guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) under permits issued by the Indiana Department of Natural Resources and United States Fish and Wildlife Service and was approved by the Indiana State University Animal Care and Use Committee. Bats were captured in 50-denier, 9-m mist nets that were strung near known roosts and across the East Fork of White Lick Creek. Upon capture, we shaved a small patch of fur in the midscapular area and attached a 0.49-g radiotransmitter (model LB-2, Holohil Systems Ltd., Carp, Ontario, Canada) to the back of the bat by using colostomy glue (Skinbond, Smith and Nephew, Largo, Florida). We restricted telemetry efforts to bats that weighed 6 g. All bats captured received lipped aluminum wing bands (Lambourne's Limited, Birmingham, United Kingdom) to allow us to identify recaptured bats, and were released within 45 min of capture.
Data collection and analysis.-Radiotagged bats were followed to and within foraging areas for an average of 5.5 days (range 2-7 days). We used a series (3-7) of multiazimuth triangulations to obtain an estimated location of the bat at any one time. To do this, trackers were arranged at known telemetry stations surrounding the suspected location of a bat (based on rough, in-field triangulations). Communication was maintained between teams by using 2-way radios and cellular telephones, allowing trackers to reposition when needed and to take an azimuth from their location to the estimated direction of the bat. Azimuths were recorded on either a 5-min (when a single bat was being tracked to a relatively steady area), or a 3-min cycle (when a bat was moving rapidly, or when multiple bats were being tracked). These telemetry azimuths were then converted to point data by using the computer program Locate II (Nams 2000) . To obtain an estimate of telemetry error, we compared the triangulated locations (n ¼ 32) of radiotags on roosting bats with the location of the appropriate roost tree (obtained via a global positioning system). We estimated telemetry error at 369 m 6 38.9 SE.
Estimated locations were loaded into a geographic information system (ArcView, ESRI Corporation, Redlands, California) where they were overlaid on a 1998 Digital Ortho Quarter Quadrangle photographic map (United States Geological Survey, in litt.) and a habitat map developed by Duchamp et al. (2004) from the photographic map and field data. This habitat map included 8 classes of landcover (see above), and was updated to include recent changes in land use.
Following Aebischer et al. (1993) , we used compositional analysis to compare habitats available to habitat used by bats. This technique has 3 major advantages. First, it ensures that each bat makes an equal contribution to the analyses, regardless of number of telemetry fixes obtained for that individual. Second, amount of habitat available to the bats is based on behavior of bats, rather than on arbitrarily defined boundaries. Third, compositional analysis allows examination of habitat selection at multiple spatial scales.
To estimate area, habitat used, and habitat available for each bat during foraging, we surrounded 95% of locations of the bat with a minimum convex polygon by using the animal-movement extension to ArcView software (Hooge et al. 1999) . We then measured amount of each type of habitat in the minimum convex polygon and underlying each data point by using the geographic information system. We surrounded each roost with an 8.37-km buffer (the farthest distance flown by any 1 bat; Table 1 ) and treated habitat within these buffers as available habitat for course-scale analysis.
To evaluate habitat preferences, we compared proportion of habitat used to proportion of habitat available for each bat at 2 scales. First, we compared proportion of habitat used within the foraging range of each bat to total amount of habitat available within 8.37 km of roosts. At a finer scale, we compared the proportion of point locations to the proportion of habitat within each bat's home range. For both levels of comparison, individual bats were independent sampling units.
Statistical analyses were performed in SAS by using the program BYCOMP.SAS (Ott and Hovey 1997) with a rejection level of a ¼ 0.05. For each bat, proportion of both used and available habitat was natural log-transformed relative to proportion of each other habitat. The resulting values for habitat available were then subtracted from values of habitat used. To compare habitat selection across all individual bats a multiple analysis of varianace (MANOVA) was used to determine a Wilk's Ã value evaluating general differences in use among habitats. Habitats were ranked from most preferred to least preferred among available habitats, according to selection values calculated above, and compared to each other by using a series of t-tests based on a randomized reference distribution.
RESULTS
Eleven adult female M. sodalis were tracked to their foraging ranges (Fig. 1) . These foraging ranges (Tables 1 and 2 ) varied in size from 0.51 to 5.55 km 2 ( " X ¼ 3.35 km 2 ), and consisted mostly of agricultural land (51%), woodlands (28%), and (Fig. 1) . Individual telemetry locations within these foraging ranges (Table 2) were mostly located over woodlands (45.3%) and agricultural land (37.8%) with a few points located over pastures (7.3%), urban habitats (5.7%), low-density residential (3.5%), and open water (0.5%). Bats foraged as far as 8.37 km from roosts, and foraging ranges averaged 3.35 km 2 (Table 1) . Myotis sodalis demonstrated significant habitat selection when comparing habitat available within home ranges to habitat within 8.37 km of all roosts (F ¼ 25.54, d.f. ¼ 7, 4, Ã ¼ 0.022, P ¼ 0.0036). At this coarser scale, woodlands were significantly preferred over agricultural land (t ¼ 2.84 
DISCUSSION
Examining how M. sodalis makes use of different habitat types near Indianapolis International Airport has important implications for management of this species. At both scales we examined, M. sodalis used woodlands nearly twice as often as availability alone would dictate (Table 2) , which supports the contention of previous authors (Butchkoski and Hassinger 2002; Humphrey et al. 1977; LaVal et al. 1977; Murray and Kurta 2004; Rommé et al. 2002 ) that M. sodalis preferentially forages in forested areas.
However, it is also important to note that M. sodalis at this site spent nearly 50% of its time foraging over agricultural fields (Table 2) . In areas where agriculture is less prevalent than at Indianapolis International Airport, such fields may prove a valuable habitat for M. sodalis. Movements throughout this agricultural landscape centered on a riparian corridor. Previous studies have found evidence of bats using corridors when traversing fragmented habitat (Estrada and Coates-Estrada 2001; Murray and Kurta 2004; Verboom and Huitema 1997) . As such, preservation of this corridor along with the planned maintenance of many adjacent agricultural lands by personnel at Indianapolis International Airport is likely to benefit M. sodalis.
We are unsure why M. sodalis avoids both developed land and open water near Indianapolis International Airport. This avoidance was particularly notable in high-density residential areas, where no bats were detected (Table 2) . Developed habitats may provide fewer insects than more rural habitats (Blair 1999; Faeth and Kane 1978; Geggie and Fenton 1985; Kurta and Teramino 1992) . N. M. Tuttle (in litt.) has documented the presence of several agricultural and silvicultural pests in the diet of M. sodalis at Indianapolis Airport, and these would presumably be least common in developed areas. High light levels of urban areas may repel the Indiana bat, because it has been postulated that nocturnality in bats is an antipredator behavior that reduces predation by diurnal birds (Sparks et al. 2000; Speakman 1995) . At our study site many local ponds are also lighted and have little escape cover. A better understanding of life-history traits of M. sodalis may provide insights into why these bats avoid foraging over ponds or urban areas.
Also of interest is use of low-density residential areas for foraging by Indiana bats. Management of M. sodalis has been focused on preservation of bats in relatively undeveloped habitats, such as forests or cultivated areas (Kurta and Kennedy Maintenance of suitable roost trees within parks and areas of low-density residential development may provide additional roosting and foraging habitat for this species in or near major metropolitan areas. As such, conservation value of these habitats is deserving of further study. At Indianapolis Airport, M. sodalis is 1 member of a community of bats that includes 8 other species (Sparks et al. 1998; Whitaker et al. 2004 ). The diversity of this bat community presents an unusual opportunity to compare species-specific behaviors in close proximity to urban development. During a sister study in this area both N. humeralis and E. fuscus also avoided foraging in urban areas (Duchamp et al. 2004) . Overall, N. humeralis exhibited stronger habitat preferences during foraging than did E. fuscus. Additionally, N. humeralis seemed restricted to a single cluster of woodlots for tree roosts, whereas E. fuscus roosted in a variety of habitats across the study area. Based on these differences, Duchamp et al. (2004) suggested that evening bats in this area are likely to be more sensitive to urban development than E. fuscus.
Based on the strong habitat preferences during foraging demonstrated herein and specialization on sloughing bark as a roost substrate (Kurta and Kennedy 2002) , we suggest M. sodalis is also likely to be more sensitive than E. fuscus to urban development in our area. N. humeralis roosts in only a single area near Indianapolis Airport, whereas M. sodalis roosts in numerous wooded areas near Indianapolis Airport ) and travels greater distances during foraging compared to N. humeralis. Greater mobility and a lack of specialization on a particular location are likely to be an advantage in a fragmented and rapidly changing environment. Thus, we suggest that the threat posed to M. sodalis by development at the Indianapolis Airport, although substantial, is likely lower than that faced by N. humeralis.
Continued survival of M. sodalis, and the local bat community, near Indianapolis International Airport will be impacted by a number of factors, including conservation programs of the airport, amount and configuration of development in surrounding areas, and extrinsic population factors (e.g., protection of hibernacula). However, this study clearly indicates that M. sodalis is impacted by suburban development in habitat several kilometers from roosting sites. Additionally, the movements of M. sodalis seem to be facilitated by use of a riparian corridor. As such, conservation strategies of this, and probably other populations of bats near urban areas, must give serious consideration to the preservation of appropriate foraging grounds and wooded travel corridors in proximity to potential roost locations.
